Abstract. Salivary duct carcinoma (SDC) constitutes one of the most aggressive cancers in the salivary gland and is associated with a poor prognosis; however, no established systemic therapy options are available. SDC exhibits biological similarity to prostate and breast cancers, therefore anti-hormone therapy and molecular target therapies are available, however with limited beneficial effects. Galanin and galanin receptors (GALRs) are well established as molecular biomarkers to predict the survival rate and risk of recurrence of head and neck squamous cell carcinoma. The present study investigated the clinicopathological features of patients with SDC and the methylation status of their galanin and GALR genes to demonstrate the prognostic value for this disease. The median overall survival (OS) was 37.2 months. T-stage, N-stage, disease stage, tumor size, and preoperative facial paralysis were significantly associated with OS, whereas human epidermal growth factor receptor 2 (HER2) overexpression was not. GALR1 and GALR2 methylation rates in tumor tissues were significantly increased compared with normal tissues with 9.85-and 4.49-fold increase, respectively. p27 kip1 and p57 kip2 expression significantly inversely correlated with the methylation rate of GALR1 and GALR2. In addition, the observed GALR1 and/or GALR2 methylation rates were significantly correlated with a decrease in OS. These results suggest that GALR1 and GALR2 may serve as potential prognostic factors and therapeutic targets in SDC.
Introduction
Salivary duct carcinoma (SDC) arises from the ductal epithelium of the salivary gland and comprises rare tumors that account for approximately 1-3% of all salivary gland malignancies (1). SDC was first described by Kleinsasser et al in 1968 owing to its histologic similarity to invasive ductal carcinoma (IDC) (2) . SDC constitutes one of the most aggressive salivary gland malignancies and is resistant to radiation therapy and chemotherapy (1, 3) . Although extended resection and postoperative irradiation are performed as standard treatments, the therapeutic outcome is not generally improved (1, 4) . Considering the similarities with ductal carcinoma of the breast and prostate cancer, overexpression of androgen receptor (AR), epidermal growth factor receptor (EGFR), and human epidermal growth factor receptor 2 (HER2) has also been investigated in SDC (1, (5) (6) (7) (8) . HER2 expression serves as a predictive factor in IDC as well (9) ; moreover, HER2 protein in IDC constitutes the most important target for molecular targeted therapy. Previously, rates of amplification of the HER2 gene and HER2 protein overexpression in SDC were reported to range widely from 15 to 100% (3, 10, 11) . Recently, androgen and/or estrogen deprivation therapy (12, 13) and molecular targeted therapy for HER2 have been attempted as adjuvant therapies (14) (15) (16) (17) with anti-HER2 therapy in particular expected to become a useful tool for adjuvant therapy (15, 17) ; however, satisfactory results have not been obtained (16) . Thus, additional novel therapeutic strategies are required for SDC. DNA methylation, i.e., the modification of cytosine to form 5-methylcytosine, is essential for normal development but is also associated with carcinogenesis. In many cases, suppression of tumor suppressor genes by DNA hypermethylation of the promoter region can induce carcinogenesis. Thus, elucidation of the DNA methylation profile in SDC might facilitate the development of novel therapeutic strategies for SDC.
Epigenetic inactivation of galanin receptors in
Our previous studies demonstrated that DNA methylation of several G-protein coupled receptors (GPCRs) was associated with the survival rate of patients with head and neck squamous cell (HNSCC) (18) . The galanin receptors, GALR1 and GALR2, are members of the GPCR superfamily, and serve as important tumor suppressor genes for HNSCC (19) (20) (21) . Specifically, GALR1 mediates cell cycle arrest (19) whereas GALR2 mediates both cell cycle arrest and apoptosis (20) via common pathways including p27 kip1 , p57 kip2 , and cyclin D1 (22) . DNA methylation of GALR1 and GALR2 promoters was significantly associated with the survival and recurrence rates of patients with HNSCC and is considered as a potential therapeutic target and prognostic factor for HNSCC (23) (24) (25) . GALR promoter methylation is observed in other squamous cell carcinomas as well as adenocarcinomas such as breast, colon, and hepatocellular carcinoma (26, 27) , and thus appears to constitute a carcinoma type-independent prognostic factor. The aim of the present study was therefore to first define the GALR1, GALR2, and galanin methylation status in SDCs at the time of diagnosis and then to evaluate its significance as a biomarker for prognosis.
Patients and methods
Patient characteristics. Tumor specimens were obtained from 34 patients diagnosed with SDC based on histological findings at the Department of Otolaryngology-Head and Neck Surgery, Jichi Medical University, School of Medicine, the Department of Otolaryngology-Head and Neck Surgery, Hamamatsu University, School of Medicine, and the Division of Head and Neck, Cancer Institute Hospital, Japanese Foundation of Cancer Research, from March 1995 to March 2012. The present study was approved by the Institutional Ethics Review Board of the ethics committee of each of the three institutions that participated in this study. The need to obtain informed consent was waived owing to the retrospective nature of the analysis. In this study, we analyzed only cases of de novo SDC; SDC ex pleomorphic adenomas were excluded. Patient characteristics were also reviewed with regard to sex, age, TNM classification, clinical stage, surgical procedures, and additional adjuvant therapy.
Immunochemical analysis. The tissues were fixed in 10% formalin and embedded in paraffin in a routine manner, and stained with hematoxylin and eosin. All cases were histologically reviewed according to the definition of SDC. Briefly, SDC showed a cribriform growth pattern, Roman bridge formation, and comedonecrosis of tumor cells having abundantly eosinophilic cytoplasm and a large pleomorphic nucleus with prominent nucleoli and coarse chromatin. Immunohistochemistry was performed on 4-µm sections from paraffin blocks using antibodies directed against androgen receptor (AR) (mouse monoclonal antibody clone AR441, Dako (28) for evaluation of breast cancer predictive factors: if ≥1% of tumor cell nuclei are immunoreactive, the tumor was considered to be positive for AR. The evaluation of HER2 expression was in accordance to the criteria for evaluating responsiveness of breast carcinoma to anti-HER2 treatment, with a score of 0-2 being considered as HER2 negative and a score of 3 was considered as HER2 positive. For EGFR, according to the criteria for evaluating responsiveness of colorectal carcinoma to anti-EGFR treatment, a score of 0-2 was considered as EGFR negative and a score of 3 was considered as EGFR positive. p27 scoring was determined by the criteria of ovarian carcinoma: 1+ <5%, 2+ 5-50%, 3+ >50%; p57 was in accordance to vulva carcinoma criteria: 1+ <10%, 2+ 10-50%, 3+ >50%; and cyclin D1 was scored according to breast carcinoma criteria (-<10%, + ≥10%).
DNA promoter methylation analysis. Genomic DNA was extracted from 8-µm sections of paraffin blocks using the QIAamp DNA FFPE Tissue Kit (Qiagen, Venlo, The Netherlands). Extracted DNA was bisulfite-modified using the MethylEasy™ Xceed Rapid DNA Bisulphite Modification Kit (TaKaRa Bio., Tokyo, Japan). Methylation in the region near the transcription start site was assessed using bisulfite-treated DNA polymerase chain reaction (PCR) amplified with methylation-specific PCR primers (MSP) and unmethylation-specific PCR primers (UMSP) using FastStart Taq DNA polymerase (Roche Lifescience Inc., Basel, Switzerland). The primers are shown in Table I . The PCR conditions were 94˚C for 5 min; optimal cycle numbers between 35 and 45 at 94˚C for 30 sec, 60˚C for 30 sec, and 72˚C for 40 sec; and a final extension at 94˚C for 5 min. The PCR products were separated by 3% agarose gel electrophoresis and stained with ethidium bromide. The PCR products amplified by MSP or UMSP were visualized and quantified using Image J software (http://imagej.nih.gov/ij/), and the ratio of MSP/UMSP was defined as the methylation rate. Receiver operating characteristic (ROC) curve analysis was performed using the methylation rate for 34 SDC and 19 adjacent normal parotid gland tissues. The cutoff value determined from this ROC curve was applied to determine the frequently of GALR1, GALR2, and galanin methylation in this study.
Statistical analysis. For frequency analysis in contingency tables, statistical analyses of association between variables were performed using Fisher's exact test. To evaluate the galanin and GALR pathway in SDC, the Pearson's correlation coefficients between the methylation rate and expression score of p27, p57, and cyclin D1 were calculated. Furthermore, the survival interval was estimated as the length of time from the start of treatment to the final date of confirmed survival. Overall survival (OS) probabilities were estimated using the Kaplan-Meier method and the log-rank test was applied to assess the significance of differences among actuarial survival curves. kip2 , and cyclin D1 are encoded by cell cycle associated genes, the expression of which is controlled by GALR signaling in HNSCC (19, 20) . Although cyclin D1 overexpression was associated with the length of OS, p27 kip1 and p57 kip2 expression did not affect OS.
Results

Patient characteristics.
Promoter methylation of GALR1, GALR2, and galanin. To investigate whether GALR1, GALR2, and galanin were methylated in SDC, the methylation level of these genes in tumor and normal tissue were compared. GALR1, GALR2, and galanin promoter hypermethylation exhibited highly discriminative ROC curve profiles, which clearly distinguished HNSCC from normal mucosal tissues (23, 24, 29) . The ROC curve with corresponding area under the curve for GALR1, GALR2, and galanin of SDC vs. normal mucosal tissues is presented in Fig. 1 . The methylation rates of GALR1 in tumor tissues were significantly higher (9.85-fold) than those in normal tissues (Fig. 1A) . The cutoff methylation rate (0.2) for GALR1 was chosen from the ROC curve to maximize sensitivity (70.6%) and specificity (78.9%) (Fig. 1D) . The cutoff methylation rate (0.34) for GALR2 in tumor tissues was also significantly higher (4.49-fold) than that in normal tissues (Fig. 1B) . GALR2 methylation rates yielded sensitivity (67.6%) and specificity (78.9%) (Fig. 1E) . However, the cutoff methylation rate of galanin was not determined because no significant difference of methylation rate was observed between SDC and normal tissue ( Fig. 1C and F) . According to the cutoff values for GALR1 and GALR2, the tumors were divided into methylated and unmethylated tumors.
Correlation between GALR methylation and expression of downstream proteins. Both GALR1 and GALR2 induced cell cycle arrest though up-regulation of p27 kip1 and p57 kip2 , and down-regulation of cyclin D1 in HNSCC (19, 20) . To confirm whether this pathway exists in SDC, the correlation between GALR methylation and expression of these proteins was evaluated. As shown in Fig. 2 , GALR1 methylation showed a significant inverse association with p27 kip1 and p57 kip2 . The p27 kip1 or p57 kip2 lower expressing tumors were more often observed among GALR1 methylated tumors than unmethylated tumors ( Fig. 2A and B) . Similarly, GALR2 methylation was also significantly inversely associated with p27 kip1 and p57 kip2 . p27 kip1 or p57 kip2 higher expressing tumors were more often observed among GALR2 unmethylated tumors than methylated tumors ( Fig. 2D and E) . However, a significant correlation between cyclin D1 expression and GALR methylation was not observed (Fig. 2C and F) . These results indicate that GALR1 and GALR2 signaling pathways likely act as tumor suppressors in SDC.
Prognostic value of GALR1 and/or GALR2 promoter methylation status. To examine the prognostic value of GALR1 and/or GALR2 promoter methylation status, the OS of methylated and unmethylated tumors were compared. GALR1 methylation was associated with a statistically significant decrease in OS (log-rank test, P=0.02609) (Fig. 3A) . The OS of GALR1 methylated tumors was 27.5% and of unmethylated tumors was 67.5% at 4 years. Methylation of GALR2 was also significantly associated with OS: The OS of GALR2 methylated tumors at 4 years was 21.2% and that of unmethylated tumors was 96.2%. GALR2 methylation was thus significantly associated with OS decrease (log-rank test, P=0.03028) (Fig. 3B) . Methylation in both GALR1 and GALR2 was associated with an OS rate of 22.2%, as compared with an OS rate of 42.1% for any methylation and 100% for unmethylation of both GALR1 and GALR2 (log-rank test, P=0.0229) (Fig. 3C) . These results indicate that GALR1 and GALR2 methylation status would be sufficient to determine the prognosis for SDC.
Discussion
Limited knowledge is available regarding SDC, a rare tumor arising mainly from the salivary gland. A large study by Jayaprakash et al described that negative factors for SDC comprised age 50 years or older, tumor size, and lymph node involvement, with no apparent survival benefit of radiation therapy (30) . In the present study, age and gender did not affect the survival rate and were not prognostic factors. Conversely, clinocopathological factors were important prognostic factors in SDC, similar to other carcinomas. T stage, N stage, disease stage, tumor size, preoperative facial paralysis, and positive resection margin significantly decreased the survival rate. These results provide important information for therapeutic selection, suggesting that extended surgery should be chosen for locoregional advanced cases. As facial nerve paralysis was observed in 7 of 34 cases, the local invasive potential of SDC appears very aggressive. However, the surgical margin is limited by anatomical necessity, as the site is close to the skull base, cervical vertebra, and carotid artery. Thus, effective adjuvant therapies are required.
Alternatively, genetic alterations in SDCs have been reported, leading to the investigation of HER2, EGFR, ER, and AR as therapeutic targets and prognostic factors (1, (4) (5) (6) (7) (8) .
In the present study, 61.7% of cases expressed a high level EGFR (3+), 52.9% expressed a high level HER2 (3+), 5.9% expressed ER, and 64.7% of cases expressed AR. However, although the expression of these proteins was also observed in this study, significant correlations to survival rates were not observed. In comparison, HER2 positively is considered to be a predictor of poor prognosis in breast cancer, wherein the determination of HER2 status is reported to be crucial to select patients who may benefit from HER2-targeted therapy. Based on previous results, HER2-targeted therapy may therefore not have received sufficient evaluation as a standard therapy in SDC (16) . In SDCs, however, although Jaehne et al (3) reported that HER2 overexpression was linked to poor survival in their analysis of 50 cases, it remains unclear whether HER2 gene amplification and/or protein overexpression are predictors of poor prognosis in carcinomas other than breast cancer. In particular, a recent report indicates that HER2 is not a prognostic factor in SDC (1). Thus, molecular targeted therapies based on the reported genetic alterations require further investigation. Figure 1 . GALR1, GALR2 and galanin methylation analysis using quantitative methylation-specific PCR (MSP) assay in SDC samples. Pattern of (A) GALR1, (B) GALR2 and (C) galanin hypermethylation, respectively, observed in matched pairs of salivary gland carcinoma and adjacent normal mucosal tissues. ROC curve analysis in (D) GALR1, (E) GALR2 and (F) galanin, respectively. AUROC indicates area under the ROC curve. Asterisks mean significant differences ( ** P<0.01). n.s. means no significant difference. SDC, salivary duct carcinoma; PCR, polymerase chain reaction; MSP, methylation-specific PCR primers; ROC, receiver operator characteristics; GALR, galanin and galanin receptor.
To develop novel therapeutic strategies for HNSCC, we have previously investigated the epigenetic silencing of tumor suppressor genes, with the most promising tumor suppressor genes being GALR1 and GALR2 (19, 20) . The effects of GALR1 and GALR2 are clearly reflected in clinical outcome (23, 24, 29) . Our previous experiments using HNSCC cell lines demonstrated that GALR1 and GALR2 promoter methylation is significantly correlated with a decrease of the respective mRNA expression (23) . GALR1 promoter methylation was significantly correlated with reduced survival rates, tumor stage, lymph-node status, increased tumor size, cyclin D1 expression, and p16 methylation (23) . However, in multivariate analysis, only GALR1 methylation and tumor stage were significant predictors of poor survival (23, 31) . GALR2 promoter methylation was significantly related to methylation of COL1A, H-cadherin, DAPK, GALR1, and galanin (24) . GALR2 promoter methylation was also related to a significant decrease in disease free survival. Specifically, in a multivariate logistic regression analysis, GALR2 promoter methylation in the primary tumor was related to an adjusted odds ratio for recurrence of 3.12 (24, 31) .
Based on these results, we investigated the promoter methylation status of galanin, GALR1, and GALR2 in SDC to confirm the value as prognostic biomarkers in this disorder. The methylation rates of GALR1 in SDC tumor tissues were significantly higher (10.31-fold) than those in normal tissues. GALR2 promoter methylation in tumor tissues was also significantly higher (4.51-fold) than that in normal tissues. GALR1 methylation further showed a significant inverse association with p27 kip1 and p57 kip2 . p27 kip1 or p57 kip2 lower expressing tumors were more often observed among GALR1 methylated tumors than unmethylated tumors. Similarly, GALR2 methylation was significantly inversely associated with p27 kip1 and p57 kip2 . p27 kip1 or p57 kip2 higher expression tumors were more often observed among GALR2 unmethylated tumors than in methylated tumors. These results suggested that GALR1 and GALR2 pathways likely exist in SDC and that their methylation states may constitute potential prognostic biomarkers. Furthermore, GALR1 methylation was associated with a statistically significant decrease in OS: 38.8% for GALR1 methylated tumors vs. 68.2% for unmethylated tumors. Methylation of GALR2 was also associated with OS, with the OS of GALR2 methylated tumors being 21.2% and compared to 96.2% for unmethylated tumors. GALR2 methylation thus was associated with significantly decreased OS. Methylation in both GALR1 and GALR2 was associated with an OS rate of 22.2%, as compared with that of 42.1% for any methylation and of 100% for both promoters being unmethylated. Thus, GALR1 and GALR2 resemble other major tumor suppressor genes in terms of frequency of aberrant promoter methylation in vivo. The survival curves clearly show the correlation between methylation status of GALRs and OS, however, the downstream proteins expressions such as p27 and p57, and OS are not related. Cyclin D1 overexpression was related to the length of OS, but not associated with GALR methylation status.
Although this discrepancy was not fully understood, other signaling pathways and many kinds of molecules controlled by GALR would be related to survival of SDC. Further investigation about GALRs signaling pathway in SDC are required. In summary, in this study, we showed for the first time, to our knowledge, that silencing of the GALR1 and GALR2 genes by methylation may constitute a critical event in SDC. The current data further suggest that GALR1 and GALR2 are potentially significant therapeutic targets and prognostic factors in SDC.
